The technical development of field crop sprayers have reached a high level. Due to automation and assistance modern sprayers are able to achieve very high application quality combined with low risks for environment and operator as well as high efficacy. But, the requirement to spray plant protection products as homogeneously as possible all over the field runs out of date. Due to possibilities arising from precision farming and digitalization of agriculture the idea of site specific application moves closer to realisation. Therefore two technologies are necessary, direct injection and sensor systems for weed, pest and disease detection. Moreover, the efficacy and safety of plant protection can be still raised by looking on the whole process of plant protection, meaning to integrate planning, preparation and documentation besides the application itself. The article gives an overview about the state of the art of field crop sprayers and their technical development.
INTRODUCTION
"How to spray a tiny amount of active substance in a precise and even way all over the size of the fields?" This was the dominant question for constructing plant protection machinery in the past decades connected with the intention to avoid environmental impacts on non-target areas. Concerning this matter the technical development was mainly focussed on even lateral distribution and a reduction of drift measures by using the tools of mechanical engineering. Due to the options arising from precision farming and digitalization of agriculture the technical potentials have been enlarged a lot. Within the last few years these tools offered a lot of possibilities to improve different particular aspects of the spraying process in order to make the application of plant protection products (PPP) even more precise and to avoid associated risks. Today, the system of the application of PPP is in transition. The actual keywords of technical development in the area of field crop sprayers are "site specific application" and "automation" with regard, not only to particular aspects, but to the entire process of plant protection.
FIELD CROP SPRAYERS: STATE OF THE ART
In modern field crop sprayers a lot of functionalities have been automated so far (e.g. Herbst, 2016 & Wegener, 2015 . There is machinery available on the market having GPS-guided section control with individual nozzle switching. The proper operation of every single nozzle and its droplet spectrum can be controlled automatically as well as nozzle changes due to distance regulations near buffer zones for example. There are assistance systems controlling the optimal target distance of the boom and its adoption to the ground orientation (Horsch, 2015) . Other systems are supporting trailed sprayers in order to keep the tractors track even under difficult field conditions such as slopy terrains. Along curves the application rate can be automatically adjusted within the sections of the boom in order to have a more even lateral distribution (Dammann, 2015) . Latest developments even allow the compensation of an uneven longitudinal distribution caused by vibrations by using position sensors in the boom combined with nozzles operating with pulse width modulation. After application the field crop sprayer can be cleaned running through an automated and assisted cleaning procedure whereas the remaining quantities of PPP are minimized by using compressed air in the piping system in before. Mixing and loading have become more secure since there are Close Transfer Systems available on the market (Agrotop, n.d.) , preventing the operator coming into direct contact with PPP. In order to assure best efficacy of PPP even the temperature and pH level of the spraying water can be monitored by sensor systems, again keeping the operator away from coming directly into contact with the PPP. Category 4 cabins according to EN 15695-1, being able to eliminate dusts, aerosols and vapors, are offered, being a substitute/supplement of personal protective equipment.
All these features mentioned so far are examples of automation of known functionalities or new types of technical solutions improving the application of PPP, saving PPP, reducing drift or enhancing the operator protection. But, all of them have in common that they have been developed by focussing more or less on a single aspect of application.
SITE SPECIFIC APPLICATION
Site specific application is one of the most important challenges in plant protection in order to save larger amount of PPP in the fields which automatically would have a positive environmental and economical impact. In order to realize this two requirements have to be satisfied from a technical point of view. First off all, there is a need to gather enough site specific information about pest and disease status of the field crops which should be treated with PPP. This is a question of sensing and information technology. Second, it needs a field crop sprayer being able to apply different kind of PPP independently from each other at the same time. This is a question of direct injection technology.
Looking on the market, there have been several attempts to realize site specific PPP treatments on the field. On Agritechnica 2015 for example the Amazone company presented the "AmaSpot" system, which was based on "greenseeker" technology and pulse width modulation, being able to implement a site specific application on basis of simple "yes/no" decision (Amazone, 2016) . But, this system only works for total herbicide application on stubble fields and is not able to fulfil the requirements for PPP application under other conditions, because the sprayer has e.g. no direct injection system, allowing to mix just the amount of spray liquid which is really needed.
Other field crop sprayer prototypes with direct injection system being constructed within the last 30 years always had the following problems: too long delay times until the concentration of PPP is accomplished/depleted at the last nozzle of the boom, when the sprayer is switched on/off, insufficient dosage accuracy of PPP during spraying, problems to clean the system properly after utilization and/or inadequate area efficiency of the whole process of spraying (Krebs et al., 2015) .
Also presented on Agritechnica 2015 was a new prototype of a field crop sprayer with a direct injection system that solves all the problems mentioned before. It was designed, built and tested in practice in a joint research project between the Herbert Dammann company and the Julius Kühn-Institute. The prototype which was developed is able to keep the dosing quantity within a range of ±7% for any liquidly formulated PPP. It works without any delay time, can be automatically and completely cleaned after spraying and its area efficiency is comparable to conventional sprayers. It is able to apply up to three different PPP separately from each other using a separate nozzle line for each direct injection system (Krebs et al., 2015) . Nevertheless, there are some restrictions for practical use: Solid formulated PPP can only be applied so far using conventional tank mixtures within the prototype sprayer. The possibility for section control is limited when using low dose levels of PPP (<0,5 l/ha) at slow forward speeds (≤6 km/h). If more than one nozzle line is in use the amount of spraying water is doubled or tripled . Practical tests have shown, that this may have an impact on the time needed until a PPP is taking effect. But, there was no difference concerning the efficacy of the PPP treatment during the field tests (Pohl et al., 2017) .
Regarding the necessary requirements for site specific application operating sensor systems for pest and disease detection still seem to be the biggest problem. All sensors on the market so far are for weed detection. But, these known camera based solutions are either based on already mentioned "greenseeker" technology or on such systems with weed identification, which are not able to cover the whole working width of a sprayer. In this context it will be exciting to see, what new solution will be presented on Agritechnica 2017.
PROCESS BASED SOLUTIONS
Due to increasing digitalization of agriculture huge amount of data is available. This can be used in order to improve the efficacy of the whole process of plant protection. In this case, not the application itself, but also planning, preparation and documentation is included. A first attempt to interlock different steps of the process "plant protection" was presented on Agritechnica 2015: Pesticide Application Manager (PAM).
The PAM systems allows automatically to take specific distance requirements to buffer zones into consideration (Scheiber et al., 2013) . Therefore, national plant protection obligations were incorporated in a web based application, which can be used in future by farm management information systems (FMS/FMIS) in practice. First FMS/FMIS which include a virtual interface to the PAM data service will be presented on Agritechnica 2017. The system works as follows: The required field data concerning field borders and surrounding structures have to be collected once and are transferred into the FMS/FMIS. When the operator decides to plan a specific pesticide application he starts to send relevant data (field coordinates, crop plant, PPP chosen, etc.) to the PAM-Service, which is calculating an application map in ISO-XML format including all specific distance requirements which have to be followed. This map is fed into the computer system of the machine and will serve as basis for the application. In a next step the operator starts the application in the fields and the machine is recording the process automatically. The calculated map and the documentation of the process can be transferred back into the FMS/FMIS after the application is done (e.g. Figure 1 ). This kind of process management can help the farmer to better plan, exercise and document his plant protection application by connecting knowledge, consultancy, practice and machinery. For the future the integration of further information concerning e.g. growth stage, specific weather conditions, online application data etc. will contribute to lower the risks, save PPP and increase the economical benefit of plant protection measures. 
CONCLUSION
The development in plant protection technology in direction of saving PPP, lowering risks for the environment, increasing the efficacy and operator safety has reached a high standard. Modern field crop sprayers are able to spray PPP precisely with the same concentration all over the field. Due to automation nearly every feature of a sprayer can be assisted which gives the operator the opportunity to concentrate on controlling the process of application. The challenge for the future will be to overcome the equal treatment of the fields in terms of site specific application. First technical approaches are in development or even on the market. In order to further increase the efficacy of plant protection the possibilities given by precision farming and digitalization are enormously if the whole process of plant protection is in the focus of ambitions. But, a key component for future development of this approach is to find economical and practical sensor systems being able to detect weeds, pests and diseases in the fields.
